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ABSTRACT

Microplastic contamination has emerged as a significant environmental concern, with freshwater ecosystems increasingly recognized as critical zones for
contamination. This study investigated microplastics contamination in surface water of River Benue in Makurdi, Benue State, Nigeria. Water samples were
collected from five locations namely; Brewery, Wadata market, Rice mill Wadata, New bridge and Old bridge as the selected sites of the river Benue within
Makurdi metropolis and taken to the laboratory for sample preparation and extraction of microplastics. Microplastic particles were identified with Fourier
Transform-Infrared Spectroscopy (FTIR). The findings reveal widespread contamination, with microplastic concentrations varying along the river’s course.
The abundance of microplastics was found to be 51.32+ 0.49 in old bridge (OD), 54.02 +0.46 in Wadata market (WD), 53.98 + 0.26 in Rice mill (RM), 39.98
+0.72 in New bridge (NB), and 49.77+ 0.52 in Brewery Site (BW) particles/kg in sediment, and 7.64 + 0.22 in 3L of water sample in Old bridge( OD), 10.46
+0.72 in Wadata market(WD), 7.96 + 0.22 in Rice mill wadata (RM), 3.92 + 0.44 in New brigde (NB), and 13.14 + 0.28 in Brewery site (BW) particles/L in
water. The predominant types of microplastics identified primarily composed of polyethylene terephthalate, polypropylene, polyvinyl chloride, polyamide
and polyester the most commonly used Polymers. The Benue State government should provide good recycling facilities to help reduce the amount of plastic

waste that ends up in river Benue and also monitor the river and its environs to ensure proper waste disposal and management.

*Corresponding author

Susan Unyi Eru, Department of Environmental Sustainability, Joseph Sarwuan Tarka University Makurdi Benue State, Nigeria.

Received: January 18, 2025; Accepted: January 21, 2025; Published: March 05, 2025

Keywords: Microplastic, Fourier Transform Infrared Spectroscopy
(FTIR), Fresh Water, Makurdi, River Benue

Introduction

People hold diverse values towards nature, yet simultaneously,
natural ecosystems are undergoing unprecedented degradation
and destruction [1]. One method of assessing and communicating
nature’s value to humanity involves highlighting the essential
reliance of humans on nature through the concept of ‘ecosystem
services’ or ‘nature’s contributions to people’ [1]. To improve
policy implementation and the efficacy of conservation and
restoration efforts, high-level science-policy platforms have been
established to provide policy makers with comprehensive and
agreed-upon information regarding the magnitude of biodiversity
and ecosystem loss, as well as future projections [2].

Freshwater ecosystems face significant threats globally with a 64
% decrease in their area from 1997 to 2011 worldwide and a 50%
decline in Europe from 1970 to 2008 [3,4]. They are particularly
susceptible to the combined impacts of multiple stressors [2].
Throughout history, freshwater bodies such as lakes, rivers, and
wetlands, including floodplains, have played crucial roles, with
the goods and services they offer being vital for our survival and
well-being [5].

Microplastic pollution within freshwater aquatic environments
presents a highly intricate scenario, as it encompasses various
environmental components such as ditches, streams, rivers,
estuaries, temporary and permanent wetlands, ponds, dams, and

lakes. Each of these components exhibits distinct characteristics
concerning hydrology, chemistry, flora, fauna, as well as the
surrounding watershed and land-use patterns. Additionally,
freshwater ecosystems can serve as recipients, reservoirs, and
conveyors of plastic pollution [6,7].

Microplastic contamination represents a multifaceted issue in
the fresh ecosystem with significant implications for both the
environment and public health [8,9]. This environmental challenge
exemplifies how pollution originating from land sources can extend
widely, infiltrating even remote areas such as pristine mountainous
regions, wilderness expanses, the Arctic, and the deepest oceanic
trenches [10-12]. Given the visible nature of plastic pollution, it
has attracted considerable attention from various stakeholders,
including scientists, policymakers, the media, and the public. The
level of focus on this issue is unprecedented, possibly surpassing
that of any other pollution problem in scientific history [13]. This
heightened awareness has led to the emergence of new approaches
and comprehensive viewpoints for assessing, researching, and
addressing the plastic waste crisis [14-16]. The aim of this research
is to determine microplastics in water samples from River Benue
within Makurdi metropolis.

Materials and Methods

Study Area

The Benue River originates in the Adamawa mountains of the
Central Cameroon and flows Westward for about 1,400 km until
it meets the Niger River about 450 km above the delta, near the
city of Lokoja, Kogi State, Nigeria. The upper reaches of River
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Benue forms narrow valleys and contain falls and rapids. Most of
the lower portion however is free from rapids and have extensive
flood plains (1,800 Km2) and braided stream channels of different
sizes which meander across the flood plain. The flood plain also
contains seasonally inundated depressions known as Fadamas or
wetlands. These provide importance fishery resources which are
exploited after the flood has receded [17]. The new bridge over
River Benue at Makurdi is located on the eastern edge of Makurdi
which receives discharge and runoff from the Eastern part of
North Bank, Wurukum and Gyado-villa areas of Makurdi town
[18]. The river Benue enters Makurdi metropolitan area (latitude
7°44°150°N and longitude 8° 31'17.00” E and Latitude 70 46’

59.990 N. and Longitude 60 45’ 59.99’ E.) at its tributary with a
minor river the Mu and flows on by dividing the city of Makurdi
into (North Bank and South Bank). During the rainy season, the
river Benue overflows its banks and inundates the grassy riparian
zones. However, during the dry season the water level in the river
recedes considerably leaving a silted river bed with clear shallow
water. The River within Makurdi metropolis receives effluent
principally from Wurukum abattoir, Wadata market and industries
of Coca-cola Plc, Brewery Plc and Mikap Nigeria Ltd. The river
receives copious amounts of human and industrial pollutants/
debris through small open drainages as it flows through the highly
populous area of Makurdi [19].
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Figure 1: Map of Makurdi Town Showing Sampling sites

Sampling Sites

This research was carried out between April, 2024 to June, 2024
in Makurdi the capital of Benue State. Five sampling sites at
approximately 1 Km intervals were mapped along the River Benue
within the Makurdi metropolitan area (Figure 1). At each site,
water samples were taken.

The sampling sites were as follows:

Brewery Site (BW)

The brewery is located 5 Km away from Makurdi town along
Makurdi-Gboko road. The brewery produces effluents from its
daily routine production. The effluent is channeled into Ageba, a
tributary of River Benue and it flows into the river.

New Bridge Site (NB)
This site was designed II and it’s about 5 m from Wadata market.
Its effluent flows from the Wurukum abattoir.

Old Bridge Site (OD)

It is about 500 m away from New Bridge and 4.5 Km away from
Wadata market. Effluents from New Bridge flow directly into the
old bridge Site.

Wadata Rice Mill (RM)
It is about 200 m from Wadata market and about 200m from old
bridge. It receives discharge from the Wadata market.

Wadata Market (WD)

Wadata market is located on the bank of River Benue. This site
was designed as V and it receives municipal wastes that composed
of solid wastes, abattoir effluents and domestic wastes generated
from the market.

Collection of Water Samples

At each sampling Site, 3 litres of water samples were. The samples
were taken approximately 1 m from the shore with a pre-cleaned
jar directly below the water surface and corked immediately and
transported to the laboratory for further analysis. The samples
were collected against water flow.

Sample Preparation and Extraction of Microplastics
The extraction of microplastics from water samples followed the
density separation method [20].

Wet Sieving

Wet sieving was carried out according to the method reported by
Masura et al. [20]. Water samples were filtered through a stacked
arrangement of 5.6 mm (No. 3.5) and 0.3 mm (No. 50) stainless
steel mesh sieves to obtain the microplastics. The mesh was rinsed
repeatedly with distilled water to transfer all residual solids to the
sieves. The sieves were thoroughly rinsed using distilled water
so that no material collected was lost. Materials retained on the 5
mm sieve were discarded while those on the 0.3 mm sieve were
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collected and dried in the oven at 90°C for 24h. Thereafter the
mass of the dried solids was determined using analytical balance
to the nearest 0.1mg.

Wet Peroxide Oxidation

Exactly 20 mL of aqueous 0.05 M Fe (II) solution was added to
the beaker containing the 0.3 mm size fraction of collected, then,
20 mL 30 % H,0, was added and heated at 75°C. The mixture
was kept on the lab bench and allowed to cool at 25°C for 5 min
followed by the addition of a stir bar to the beaker and cover with
a watch glass and heated to 75°C on a hotplate. As soon as gas
bubbles were observed at the surface, the beaker was removed
from the hotplate and paced in the fume cupboard till the boiling
subsides. The mixture was again heated at 75°C for an additional
30 min. 20mL of 30 % H,0, was repeatedly added until natural
organic material was invisible. Thereafter 20 mL of 5M NaCl
was added to the sample to increase the density of the aqueous
solution. Then the mixture was further heated to 75°C for 30 min.

Density Separation

The wet peroxide oxidation solution was transferred to a separatory
funnel and covered loosely with aluminum foil to allow solids
for 24 h. Visual inspection for settled solids of any microplastics
was done and all settled solids were drain from the separator and
discarded. The floating solids were collected and examined using
FTIR for microplastics contamination.

Characterization with Fourier Transform Infra-Red (FTIR)
Spectroscopy

Fourier Transform Infra-Red (FTIR) Spectroscopy analysis of
microplastics, using an Agilent T instrument was employed to
assess the microplastic contamination along River Benue in
Makurdi Metropolis. Micro FTIR analysis is considered one
of the most powerful techniques for accurately identifying and
diagnosing different types of polymers present in the Microplastics
[21]. The polymer types were identified using the transmittance
mode Agilent Technologies (Cary 630 FTIR) Infrared microscope
(W-FT-IR). The analysis involved collecting spectra in the 650
to 4000 cm™ range with 16 cumulative scans and a theoretical
resolution of 4 cm'. The PerkinElmer Spectrum Data tune-
up program was employed to process the raw spectra, which
included default settings such as Beer-Norton strong apodization
and automatic baseline correction. The obtained spectra were
compared with reference spectral libraries in the Open Specy
database (Open Specy.org).

Statistical Analysis of Experimental Data
Microsoft Excel (2010) and Origin 2017 Software were used to
compute the experimental data.

Data obtained was analyzed using descriptive statistics:
Results

Concentration of Microplastic in Surface Water at different
Sites

The result of microplastic concentration in surface water sampled
at different sites in River Benue in Makurdi metropolis is shown in
Figure 2. Microplastics were found at all sites in surface water of
the River Benue. Microplastic abundance in Old bridge site was
found as 7.64 £ 0.22 particle L. Microplastic concentration was
minimal at Newbridge site (3.92 + 0.44 particle. L") and maximum
in Brewery site (13.14+0.28 particle. L!). The concentration of
microplastics in Wadata Market site was (10.46 = 0.72 particles.
L") was significantly higher than the concentration found in the
Rice mill site (7.96+0.22 particle L™).
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Figure 2: Microplastic Concentration in Surface Water of River
Benue around Makurdi Metropolis

Distribution of Microplastics in Surface Water using FTIR
The result of the FTIR of the distribution of microplastics in
surface water at different sampling Sites of River Benue in
Makurdi metropolis is shown in Figure (3-7).

Brewery Sites for Surface Water

The polymer type identified in the Brewery site of the River
Benue freshwater ecosystem in Figure 3 implies that for a
wavenumber of 1279.75 cm™, with a transmittance of 49.64 %,
at peak 1, the polymer type can be suggested based on common
polymer absorption bands. The wavenumber 1279.75 cm™ falls
within a range that is associated with various chemical groups,
but it is particularly close to the C-O stretching vibration seen
in polymers such as; Polyethylene Terephthalate (PET) often
shows peaks in the region around 1250-1300 cm™ due to C-O
stretching while Polypropylene (PP) showed peaks near this range,
typically between 1250-1300 cm™!, corresponding to C-H bending.
Polyvinyl Chloride (PVC) sometimes has peaks around this range,
although it is less common.
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Figure 3: FTIR Spectra of Microplastics in Surface Water at
Brewery Site

Old Bridge Site for Surface Water

The polymer type identified in the old bridge site of the River Benue
surface water as shown in Figure 4 implies that, for a wavenumber of
1269.17cm™, with a transmittance of 49.47%, at peak 1, the polymer
type is suggested based on common polymer absorption bands. The
wavenumber 1296.17 cm™ is within a range that is associated with various
chemical groups, but it is particularly close to the C-O stretching vibration
seen in polymers like; polyethylene Terephthalate (1250-1300 cm™) due
to C-O stretching of polypropylene (PP) or polyvinyl chloride (PVC).
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Figure 4: FTIR Spectra of Microplastics in Surface Water at Old
Bridge Site

New Bridge Site for Surface Water

The polymer type identified in the new bridge site of the River
Benue as seen in Figure 5 implies that, for a wavenumber 1287.96
cm ™' and a transmittance of 53.11% can be characteristic of certain
functional groups within polymers. At around 1280-1290 cm™,
common polymers like polyethylene (PE), polypropylene (PP),
and polyvinyl chloride (PVC) show absorption peaks due to
various C-H bending or wagging vibrations: Polypropylene (PP):
The wavenumber around 1280-1290 cm™ often corresponds to
the CH2 wagging or bending vibrations in PP. Polyethylene (PE):
Although PE has similar wavenumbers, the exact match depends
on the specific chain configuration. Polyvinyl chloride (PVC):
PVC also show peaks in this region due to C-H deformation in
the -CH2CI group. At New bridge Site PP, PE and PVC are the
polymer present.
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Figure 5: FTIR Spectra of Microplastics in Surface Water at
New Bridge Site

Wadata Market Site for Surface Water

The result presented in Figure 6, shows that at around 1270-1280
cm, this region typically indicates C-H bending or deformation
vibrations which are characteristic of certain polymers:
Polypropylene (PP): This region can correspond to C-H bending
vibrations in PP. Polyvinyl Chloride (PVC): PVC might also show
absorption peaks around this region due to C-H deformation in
the — CH,Cl group. Polyethylene (PE): While PE has peaks in the
C-H bending region, they are usually more pronounced slightly
higher, around 1290 cm™. Based on the wavenumber of 1271.55
cm™!, Polypropylene (PP) or Polyvinyl chloride (PVC) are present
in Wadata Market Site.
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Figure 6: FTIR Spectra of Microplastics in Surface Water at
Wadata Market Site

Rice Mill Wadata Site

As presented in Figure 7 below, the wavenumber 1733.92 cm™ with
a transmittance of 50.39 % typically corresponds to the carbonyl
(C=0) stretching vibration. This wavenumber is commonly found
in various polymeric materials. Some of the polymers that exhibit
a peak around this region include: Polyethylene terephthalate
(PET): Commonly used in plastic bottles and synthetic fibers.
Polyvinyl chloride (PVC): The carbonyl stretching could be due
to plasticizers or other additives.
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Figure 7: FTIR Spectra of Microplastics in Surface Water at Rice
Mill Wadata Site

Table 1: Identified Microplastics in Surface Water of River Benue

Brewery ‘Wadata Mkt Rice Mill New Bridge Old Bridge
Polyethylene Polypropylene (PP) Polyethylene Polyethylene Polyethylene
Terephthalate (PET) Polyvinyl Terephthalate (PET) Terephthalate (PET) Terephthalate (PET)
Polypropylene (PP) Chloride (PVC) Polyvinyl chloride (PVC) | Polyvinyl Chloride (PVC) Polypropylene (PP)
Polyvinyl Chloride (PVC) Polyethylene (PE) Polyvinyl Chloride (PVC)
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Discussion

Microplastic particles from river Benue Makurdi were analysed
by u-FTIR, which has been a widely used technique in identifying
microplastic polymers due to it high reliability in determining
chemical compositions of unknown plastic fragments. In this
report, the samples were screened for the presence of microplastic
particle. The result indicated that microplastic particles were
recorded due to vibrations from the FTIR result. The polymer
analysis using Fourier Transform Infrared (FTIR) spectroscopy
revealed a diverse range of polymer types across different sites.
Common polymers such as Polypropylene (PP), Polyethylene
(PE), Polyvinyl Chloride (PVC), and Polyester were identified,
with each site exhibiting a combination of polymers. The polymers
in this study were also similar to the study of Yonkos et al. in the
freshwater Lake Naivasha, Kenya with very low concentrations
of 1.5-5 MPs/m? [22]. For rivers in contrast, many studies
investigating the water phase report concentrations of 0.29 to
340,000 MPs/m? [23,24]. Compared to rivers worldwide, the
findings in the River Benue are similar. This result is similar to
the report of Li et al. [7]. Presence of microplastics in freshwater
ecosystems despite of the wealth of data on marine microplastics,
to date, only a handful of studies investigate microplastics in
a freshwater context. Microplastics have been detected in the
surface waters of the Laurentian Great Lakes [25]. The presence of
microplastic polymers in surface water were abundant as observed
from the intensities of the FTIR spectra. In the screening, polymer
isolated from the FTIR spectra of both surface water samples were
polyethylene, polypropylene, polyethylene terephthalate, polyvinyl
chloride, polyamide, polybutene, polymethylmethacrylate,
cellophane, polyurethane and ethylene//ethylacrylate which is
similar to the finding of [7]. All the samples contain microplastics,
but the number of microplastics differs in different sampling
sites. The lowest value of microplastic content accounting for
3.94 £0.44 was recorded in the New Bridge Site while the higher
value of microplastics content accounting for 13.14+0.28 was
found in Brewery Site. The difference maybe as a result of some
factors including human activities (such as waste disposal, laundry,
effluent discharge and fishing activities etc) sampling location
and method, sample volume, surrounding environment, weather
conditions, affect the amount of microplastics in the environment
[26].

Conclusion

The assessment of microplastic contamination in water from
River Benue shows the growing environmental challenge posed
by plastic pollution. This study has revealed significant levels
of microplastics in surface water. Microplastic concentration
in surface water was found to be high at the Brewery sampling
sites and low at the new bridge site while in sediment samples
the concentration of microplastic was highest at Wadata market
and least at New Bridge. The spatial distribution of microplastics
across different sections of the river suggests that areas with
higher population densities (Wadata market site) and industrial
activities (Brewery site) exhibit elevated levels of contamination.
Regulatory agencies should monitor River Benue and environs to
ensure proper waste disposal and management.
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